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(57) Abstract 

A communication system ( 1 00) provides for 
the elimination of handover mute when switching 
from a serving cell (102) to a target cell (1 10) is 
desired. Once the need for a handover is detected 
(404), the system (100) searches for the presence 
of non-voice activity (406). The absence of voice 
activity is then acted upon by the system (100) 
to initiate (412) and complete (414) the handover. 
Since no conversation is taking place, no mute is 
detected by the users. 
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5 COMMUNICATION SYSTEM WITH ZERO HANDOVER MUTE 

1 0 This invention is generally related to communication systems and 

more particularly to systems having a number of control stations. 

1 5 In communication systems, such as cellular systems, a mobile 

communication device can communicate with other communication 
devices while traveling from the zone of one central station (serving cell) to 
that of another (target cell). A problem that is often encountered in such 
systems is the muting of the voice that is experienced by a user during a 

20 handover. Handover is the period of time during which the 

communication is handed over from the serving cell to the target cell. The 
handover process requires that the mobile unit leave the serving cell and 
adjust to the new timing requirements of the target cell (synchronization). 
Further, the mobile unit must notify the target cell of its presence thereon. 

2 5 Next, the telephone call must be routed by the fixed network to the target 

cell for routing to the mobile unit. 

Attempts have been made to minimize the duration of this mute. In 
general, the present methods of reducing the handover mute utilize fast 
execution routines to rapidly accomplish the handover. Regardless of the 

3 0 speed of the handover process, one can see that the possibility of a mute is 

not diminished and only the duration of the mute is reduced. 

A need exists to overcome the deficiencies of the prior art in 
eliminating the handover mute in multi-cell communication systems. 
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Brief Description of the nrawj nPH 

FIG. 1 shows a communication system in accordance with the 
present invention. 

FIG. 2 shows a flow diagram of the operation of the handover 
procedure in accordance with the present invention. 

FIG. 3 shows the details of a subroutine of the flow diagram of FIG. 
2 in accordance with the present invention. 

FIG. 4 shows a timeline of the activities that take place to eliminate 
handover mute in accordance with the present invention. 

FIG. 5 shows a timeline of the activities that take place to minimize 
handover mute in accordance with the present invention. 

15 Detailed Inscription of the Prefer Embodiment 

The process of handing over the communication between two 
devices which communication goes through a Fixed Network Equipment 
(FNE) includes a significant drawback. When a device moves out of the 

20 coverage zone of a first central station (serving cell) to that of a second 

central station (target cell) a handover of the call in progress is necessary. 
This handover often causes muting of the audio communicated between 
the two communication devices. The present invention eliminates this 
mute period by first searching for non-voice activity and then proceeding 

25 with the handover. The handover is therefore transparent to the users. 
The details of this procedure will be better understood by referring to a 
series of drawings where like numerals are carried forward. 

Referring to FIG. 1, a block diagram of a communication system 100 
in accordance with the present invention is shown. The system 100 

30 includes at least one wireless communication device as represented by 112 
which communicates to at least one additional communication device 
represented by a second communication device 111 via first and second 
central stations 102 and 110. The second communication device may be a 
land line device such as a telephone or a second wireless device such as a 

35 cellular phone. In order to avoid unnecessary complications, the system 
100 is shown without switching stations that may be needed, particularly if 



WO 98/09454 



3 



PCT/US97/14409 



the device 111 is a landline unit. Central station 102 is depicted as the 
serving cell which means that the communication between device 112 and 
111 is conducted through this station when the need to switch to a second 
station is presented. Conversely, the second station is depicted by the 
5 target cell 110 which is the station that the communication is transferred 
to as the signal conditions demand. 

The communication device 112 maintains connection to the two 
central stations, often referred to as Fixed Network Equipment FNE, via 
Radio Frequency RF links 105 and 107 as established and maintained via 

1 0 antennas 104, 106, 108. As the communication device 112 moves about its 
environment it maintains communication with the serving cell 102. The 
communication device 112, monitors other cells while it is connected to the 
serving cell 102. As the quality of the RF signal 105 of the serving cell 102 
degrades, the communication device 112 selects another cell, the target 

1 5 cell 110, which has superior RF signal quality. Alternatively, the serving 
cell 102 informs the communication device 112 to switch to a suitable 
second control station. Once the handover is complete the target cell is 
referred to as the serving cell. The present invention aims to minimize 
and in most instances eliminate the handover mute that results as the 

20 communication is migrated from cell 102 to cell 110. 

The communication device 112 is comprised of a modem 114, an 
audio processing block 116, and a channel manager 118. The modem 114 
encodes and decodes the data that is transmitted and received via the 
antenna 106. It sends and receives voice data to and from the audio 

25 processing block 116. The audio processing block 116 in turn presents the 
user with audio via the speaker 122 and captures audio from the user via 
the microphone 120. The channel manager 118 receives RF signal quality 
information from the modem 114 and transmits channel access 
information such as handover requests to the modem 114. In addition, the 

30 channel manager 118 monitors inbound and outbound voice activity from 
the audio processing block 116 so that it may schedule handovers when 
zero handover mute times will be possible. In the preferred embodiment, 
most of the component of the communication device 112 are realized via a 
Digital Signal Processor (DSP). Some of the individual components shown 

3 5 herein are realized via routines executed by the DSP. 
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Referring to FIG. 2, a detailed flow 200 of the operation of the 
channel manager 118 is presented. The channel manager runs in order 
to determine if a handover is required and once one is required it 
schedules it so that the audio mute time will be minimized with the goal 
5 being a zero audio mute time. 

The process is begun at the start point 202 whenever the channel 
manager is invoked. It first checks to see if a handover command has 
been received from the FNE 204. Normally, conditions are such that a 
handover is not required and therefore the result of the check 204 is "NO" 

1 0 so that the flow continues on and checks 206 to see if a previous handover 
command is pending or one has been flagged. Again, when conditions are 
such that a handover is not required, the "NO" result causes the channel 
manager to continue with other unspecified tasks. When a pending 
handover is flagged and/or is in queue, the operation continues with block 

15 210 which is explained later in conjunction with the main flow of the 

diagram 200. The detection as to whether a handover is needed may be via 
a demand generated by the device 112 or the stations 102 or 110. The need 
for a handover may be established by having the serving station 102 
measure the delay associated with an outbound or inbound signal. 

20 Alternatively, the signal strength of inbound or outbound signals may be 
evaluated to determine if a handover is needed. 

When a handover command is received, the condition block 204 
yields a "YES" which starts the handover processing. A forced handover 
timer is begun, 208. The purpose of this timer is to keep the channel 

25 manager from waiting too long for a zero audio mute handover 

opportunity since the FNE (serving 102 and target 110) expects handovers 
to be completed within a set time limit. If the handover is not completed on 
the first attempt the channel manager will run again but since the 
handover command was previously received the timer will not be restarted 

30 since the flow will avoid this by passing through the handover pending 
block 206. 

In either of the previous cases, the channel manager will update its 
status of inbound and outbound non-voiced frames via a subroutine block 
210. The details of this update are contained in FIG. 3. Once the update is 
3 5 completed, the channel manager checks 212 to see if the forced handover 
timer has expired. This condition occurs when no pauses or pauses of 
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insufficient duration have been detected. Following the YES output of the 
condition block 212, the communication device 112 must perform the 
handover immediately to satisfy the FNE's time limit on handovers and 
get whatever audio mute that occurs. In this case, the "YES " path is 
5 taken and the handover is performed 216. As part of the handover, the 
serving station 102 informs the communication device 112 to continue 
communicating with the device 111 through the target station 110. This is 
the safety path as it is desirable to proceed with the handover even if a 
short mute is experienced as opposed to losing the communication all 
1 0 together (dropping the call). If however, the time-out has not occurred the 
"NO" path is taken where the channel manager checks to see if the correct 
number of inbound (N) and outbound (M) non-voiced frames have 
occurred, block 214. A limit for each is maintained by the communication 
device 112 which, if achieved, predicts that a natural pause is occurring in 
1 5 the conversation and that the time is ripe for the handover. If the limits 
have been achieved then the "YES" path is taken and the handover is 
performed, 216. This is the most desirable path for the handover mute 
algorithm to take as no mute is experienced by the system. Otherwise the 
"NO" path is taken and channel will re-evaluate its handover opportunity 
20 on its next invocation. The re-evaluation will occur until an opportunity is 
presented or the forced handover timer expires. 

In accordance with the principles of the present invention, 
parameters N and M may be fixed for a particular application or may take 
configurable formats. These parameters may be stored in volatile or non- 
25 volatile, programmable or non-programmable memory devices. These 
parameters may be established dynamically by monitoring the natural 
pauses, such as voice nulls or inter-syllabic pauses, in a person's speech. 
The communication device 112 may include an algorithm by which the 
user produced inadvertent and inter-syllabic pauses are monitored to 
30 determine their average time span. Depending on the speed with which a 
handover can be completed in a particular system, this adaptively 
measured pause time may be used to complete the handover without 
seeking advertent pauses in the communication. 

FIG. 3 shows the blocks of the "update silence period" subroutine 
35 210. Its purpose is to count the number of consecutive non-voiced frames 
in both the inbound and outbound direction. It is noted that having a 
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number of consecutive non-voiced frames is an indicator of a natural 
pause in the conversation which is the most opportune time to perform a 
handover. 

The first step is to check if the inbound frame is voiced or non- 
5 voiced, 302. The audio processing block 116 of FIG. 1 provides this 

information to the channel manager 118 as it prepares the audio sampled 
by the microphone 120 and determines if voice was present or not. If voice 
is detected the "NO" path is taken and the counter of inbound non-voiced 
frames is reset, 306. Otherwise, no voice is detected and the "YES" path is 
1 0 taken thus incrementing the inbound non-voiced frame counter, 304. 

Whether the counter is reset or incremented, the operation continues with 
block 308 where a decision is made regarding the nature of the outbound 
frame. 

The audio processing circuit 116 of provides this information to the 
1 5 channel manager 118 as it processes data received from the FNE and 

determines if voice is contained therein. If voice is detected, the "NO" path 
is taken and the counter of outbound non-voiced frames is reset, 312. 
Otherwise, no voice is detected and the "YES" path is taken thus 
incrementing the outbound non-voiced frame counter, 310. 
20 Finally, the silence period is calculated by monitoring the number of 

consecutive inbound and outbound non-voice frames that have occurred, 
314. The goal at this juncture is to make sure that the number of non-voice 
frames in each direction is sufficient for a handover to take place without a 
mute. This step is highly dependent on the capabilities of the system 100 in 

2 5 completing a handover. The shorter the time needed for this task, the 

fewer the number of required frames. Consequently, a fast system affords 
its users with more handover opportunities in a typical communication, 
hence a significantly reduced possibility of mute. Once the calculation of 
the silence period is done, block 316 returns the control to block 212 in FIG 
30 2. 

To better understand the operation of the system described above, a 
series of time lines are presented in FIGs. 4 through 5. These timelines 
show the activities that take place as time is progressed in order to 
minimize the mute time when a handover is desired. Three different 

3 5 scenarios are presented in an effort to cover all possible situations in 

which a handover is desired or is necessary. 
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Referring first to FIG. 4, a timing diagram of a handover that 
occurs during a natural non-voiced portion of a conversation is presented. 
This timeline begins with either inbound or outbound voice activity on the 
serving cell, 402. During this time 402 a handover command (assignment) 
5 404 is received by the communication device 112. The communication 
device 112 begins its search for consecutive non-voiced frames and starts 
the forced handover timer, 420. As mentioned earlier, this timer is 
maintained to avoid missing a handover simply because a sufficient 
number of consecutive non-voiced frame were not detected. In other 

1 0 words, it is desired to handover with a mute than not to handover at all 
which results in the loss of communication. 

Eventually, sufficient inbound and outbound non-voiced frames are 
detected by the communication device 112 and is referred to as the silence 
detection period (SDP), 406. As can be seen, the actual pause in the voice 

1 5 408 will extend beyond the SDP and the handover; this is the desired result 
of the present invention. Once the SDP has occurred the handover and the 
associated mute 410 take place. Indeed, the handover is started 412 
following the SDP and is noted complete by the end handover ticker 414. 
During this handover period the speaker 122 is muted, 410. Since the 

20 handover mute occurs during the natural voice pause it is not noticed by 
the parties involved in the conversation and in fact has a significant 
margin for error, 411. The conversation naturally resumes in either the 
inbound or the outbound direction using the target cell 416. Because a 
handover opportunity readily occurred the timer did not expire and a 

25 forced handover 418 was not necessary. As such, the muting of the 
speaker 122 during the handover period was not necessary. 

FIG. 5 shows a timing diagram of a handover that occurs during a 
short natural non-voiced portion of a conversation. It begins similarly to 
the timing diagram of FIG. 4 where an inbound or outbound voice is in 

30 progress using the serving cell 102. Because the voice pause 508 is short, 
the handover period which starts at the end of SDP 506 as shown by 512 
extends beyond the non-voice activity and ends, 514 when the target cell 110 
has taken over the communication, 516. In other words, the handover 
runs into the next voiced frame thus causing some unwanted lost audio 

35 511. The lost audio is less than the entire duration of the handover and is 
still beneficial. This is significant as the handover mute is minimized 
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when non-voice activity does not continue for a sufficiently long period of 
time. It is noted that the condition depicted by this timing diagram of FIG. 
5 occurs in the rare occasions where speech continues uninterrupted and 
no pauses (advertent or inadvertent) of sufficient duration (measured in 
5 terms of the handover speed of the system 100) have occurred. 

In summary, a handover mute elimination/minimization 
procedure is presented whereby the switching from a serving cell to a 
target cell in a multi-cell communication system is accomplished with 
minimum impact on the conversation between the parties. Once the need 

10 for a handover is detected, the system searches for the presence of non- 
voice activity. The absence of voice activity is then acted upon by the system 
to initiate and complete the handover. Since no conversation is taking 
place, the handover is transparent to the users. The handover is 
preferably implemented in a shorter period of time than the length of the 

1 5 non-voice activity. This condition eliminates muting of the voice during 
the handover. 



What is claimed is: 
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Claims 

1. In a communication system having at least one wireless 
communication device, at least one additional communication device, and 
5 first and second central stations, a method for handing over control of 
communication between the communication devices from the first to the 
second central station, comprising the steps of: 
flagging the need for a handover; 

detecting a pause in voice components of the communication to 
1 0 establish a detected pause; and 

handing over the control of the communication between the 

communication devices when the detected pause exceeds a 

predetermined period of time. 

1 5 2. The method of claim 1, further including the step of handing over the 
control of communication between the communication devices from the 
first to the second central station when no pause in voice communication 
has been detected for a period of time. 

20 3. The method of claim 1, wherein the step of flagging includes detecting a 
handover assignment. 

4. The method of claim 1, wherein the step of detecting a pause includes 
the step of detecting a pause having a configurable duration. 

25 

5. The method of claim 1, wherein the step of handing over includes the 
step of the first central station informing the at least one wireless 
communication device to migrate to the second central station. 
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6. In a communication system having a plurality of control stations for 
controlling communication between first and second communication 
devices at least one of which is a wireless communication device, a method 
5 for handing over control of the communication from one control station to 
another, comprising: 

detecting when a change in the control station is desired; 
monitoring voice communication between the First and second 

communication devices to detect the absence of voice activity 
10 for a selectively variable period of time; and 

handing over control of the communication from one control station 
to another during the absence of voice activity to minimize 
muting effects. 

1 5 7. The method of claim 6, wherein the step of detecting includes the step of 
setting a flag when a change in the control station is desired. 

8. The method of claim 6, wherein the step of monitoring includes the step 
of detecting a voice null 

20 

9. The method of claim 6, wherein the step of monitoring includes the step 
of detecting a voice pause. 

10. The method of claim 6, further including the step of handing over 

25 control of the communication from one control station to another when no 
absence of voice activity has been detected for a predetermined period of 
time. 

11. The method of claim 6, further including the step of handing over 
30 control of the communication from one control station to another when a 

sufficiently long absence of voice activity has been detected to eliminate 
muting of voice. 
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12. In a communication system having first and second communication 
processing stations for processing radio frequency communication 
between at least one wireless communication device and a second 
5 communication device, a method of handing over communication from 
the first communication processing station to the second communication 
processing station, comprising: 

detecting when the at least one wireless communication device has 
traveled outside a predetermined range of the first 
10 communication processing station; 

monitoring the voice communication between the at least one 
wireless communication device and the second 
communication device in search of a voice pause; 
discovering the absence of voice in the communication from the at 
1 5 least one wireless communication device to the second 

communication device; and 
handing over processing of radio frequency communication from 
the first to the second communication processing station 
during the absence of voice in order to minimize the muting of 
20 voice. 

13. The method of claim 12, wherein the step of detecting included 
monitoring at the first communication processing station the delay 
associated with an outbound signal into the first communication 

25 processing station. 

14. The method of claim 12, wherein the step of detecting included 
monitoring at the first communication processing stations the signal 
strength of an inbound signal into the first communication processing 

30 station. 



15. The method of claim 12, wherein the second communication device is 
a second wireless communication device. 
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16. The method of claim 12, wherein the step of handing over includes 
informing the wireless communication device to switch to the second 
communication processing station. 
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